Twenty-two students in the Coastline
In the area of nemopsychological evaluation, the use of computerized test administration and scoring instruments would appear to possess a high degree of inherent value for several reasons; these include standardization of administration, precision of measurement, immediate feedback on performance, instant storage and recall of pertinent data, and the ability to obtain measures of response latencies too rapid to be measured otherwise (e.g., by a stopwatch). The Automated Neuropsychological Assessment Metrics (ANAM) battery is one such instrument. Its development and composition have been described in detail elsewhere ( Levinson & Reeves, 1994; Reeves, Kane, Winter, Raynsford, & Pancella, 1993) . ANAM is the standard clinical subset of the Office of Military Performance Assessment Technology's (OMPAT) Tester's Workbench (TWB). The TWB consists of a "library" of tests constructed by OMPAT to meet the need for precise measurement of accuracy and efficiency (throughput: Thome, 1990 ) of cognitive processing in a variety of situations. ANAM contains subsets of TWB tests which have been specifically configured for use in neuropsychological assessment.
The initial version of ANAM (V1.0) contains four subsets of tests; these are denoted ANAUT, STANDARD, MILD, and MODERATE and range in this order from most to least difficult. They differ in the number of tests, numbers of stimuli presented in each test, rapidity of presentation of stimuli, and, in some cases, the size of the stimuli. The ANAUT subset was designed for use with astronauts while orbiting the earth in a space shuttle, as well as for use with pilots. The STANDARD subset was developed for use with neurologically normal individuals. The MILD subset was designed for use with patients who had suffered marginalto-mild traumatic brain injuries, and the MODERATE subset is used with patients with moderate-to-severe injuries. All tests in ANAM V1.0 may be administered using the computer keyboard (K) or a mouse (M) as the response device. Each subset contains practice (P) and test (T) sessions, with the test sessions including more stimuli than the practice sessions. Thus a subset is usually identified by its level of difficulty (e.g., MILD), along with its response device (K or M) and whether it is a practice or test session (P or T) .
Recently, normative data on the tests comprising the MILDK subset of ANAM Vl .O were obtained on a sample of 40 healthy, non-head injured adults (Levinson & Reeves, 1994) during a practice session, immediately followed by a test session. High levels of accuracy (90% + correct) were observed on all tasks during the practice session, and these improved slightly during the test session. In contrast, levels of efficiency (correct responses/minute) varied directly as a function of task; further, noteworthy improvements were observed on all tasks during the test session. These findings parallel those of other studies on computerized assessment (Levinson, 1990; Lewandowski, Reeves, & Dietz, 1994) . These data indicate that efficiency is more sensitive to factors such as task difficulty and practice effects. Although accuracy obviously possesses utility as a measure of cognitive performance, it is of necessity limited by ceiling effects; efficiency would appear to be limited only by an individual's level of CNS function. The implication of this finding is that efficiency may possess greater efficacy, both in assessment of severity of trauma to the brain and in tracking recovery from such trauma. The purpose of the present study was to address these possibilities.
METHOD

Participants
The participants consisted of 24 individuals enrolled in the Traumatic Head Injury (THI) cognitive retraining program at Coastline Community College, in Costa Mesa, CA. Ages ranged from 18-64 years, averaging approximately 38 years. Twenty-one people had suffered traumatic brain injuries (TBIs-most from motor vehicle accidents), 2 had suffered stroke (1 of these subsequent to removal of a left parietal meningioma), and 1 had experienced the rupture of an arteriovenous malformation in the region of the 4th ventricle. These individuals had been placed in 3 groups according to screening procedures used by the administrators and staff of the Coastline THI program. These included neuropsychological evaluations (Cognitive Assessment System), observations of an individual's interactions in social settings, and personal interviews; the classification of each individual into a group required approximately 8-10 hours of testing and observations. In general, the three groups correspond to marginalmild (GPl), mild-moderate (GP2), and moderate injuries (GP3), respectively. Individuals with more severe head injuries may enter the program later, after achieving some degree of recovery. Most of the participants were at least l-year post-injury at the time of their first ANAM session (four were less than l-year post-injury). They were able to speak clearly, without much difficulty. All were ambulatory (several used walkers). Relevant demographic information on the three groups is presented in Table 1 .
Instrumentation and Procedures
Data collection was conducted in a quiet computer laboratory at Coastline Community College. The battery was administered on IBM-compatible 386 Zenith computers with VGA color graphics monitors. The response device consisted of the computer keyboard. ANAM was administered twice to each participant, with approximately 2-3 months between test sessions. The first session included a brief orientation followed by administration of the MILDKP battery. The second session consisted of administration of the MILDKT battery, followed by a debriefing with each person in which the results of the second test were instantly displayed on the monitor and compared with the results of the first. (This proved to be highly beneficial to the participants, since in all cases there was noticeable improvement on at least some of the tasks, both on accuracy and efficiency. Thus all individuals obtained direct evidence of the progress which they were making in the THI program.) Measures included the Stanford Sleepiness Scale, the Sternberg Memory Search Task (2-and 4-letter memory sets: ST2 & ST4), Mathematical Processing Task (MTH), Running Memory (RUM), Spatial Processing (SPA), and Procedural Memory (PRO). A brief description of these tests is given below, along with the numbers of stimuli presented for each during the practice (P) and test (T) administrations (Reeves & Winter, 1992) .
Stanford Sleepiness Scale
This scale consists of statements that describe individual perceptions about alertness or sleepiness. The original version was created and validated by Hoddes et al. (1973) . The version used in ANAM was derived from the Walter Reed Performance Assessment Battery (WRPAB; Thome, Genser, Sing, & Hegge, 1985) .
Sternberg Memory Search (ST2 and ST4)
This test is based on Stemberg's (1969a) paradigm of reaction time and measures information processing. Encoding, categorization, response selection, execution, and visual and short-term memory are assessed. On this task, the subject is presented with a set of letters (designated as the "memory set") and is required to memorize them. Subsequently, similar and dissimilar letters are presented on the screen one at a time, and the subject is required to indicate whether the "probe" letter is or is not part of the memory set. Stimuli (ST2: P = 15, T = 30; ST4: P = 1.5, T = 60) are displayed for a maximum of 5000 ms and subjects were allowed 5100 ms to respond in the standard administration.
Mathematical Processing (MTH)
This subtest is a measure of simple arithmetic operations using addition and subtraction (Shingledecker, 1984) . The subject is required to compute the answer to a three-digit arithmetic problem and determine whether the answer is greater or less than 5. Subjects were given 25 presentations of the stimuli and symbolic negative feedback was provided on the screen for each incorrect answer. Stimuli (P = 10, T = 25) were displayed up to 14900 ms and subjects were allowed 15000 ms to respond. 
Running Memory (RUM)
This subtest is a continuous recall task requiring encoding and storage and working memory (Stanny, 1994) . The subject is required to continuously monitor a randomized sequence of letters presented one at a time and to determine if the probe letter matches the target letter that immediately preceded it. Stimuli (P = 20, T = 60) were presented up to 950 ms and subjects were allowed 1800 ms to respond. Symbolic negative feedback was presented on the screen for incorrect responding; the inter-stimulus interval varied from 750 to 1100 ms.
Spatial Processing (SPA)
This subtest is a measure of spatial orientation (Shingledecker, 1984) . The subject is presented with pairs of four-bar column histograms and required to determine whether or not they are identical. The bars are approximately .5 cm wide with 5 cm of spacing between them, and heights vary from 1.0 to 6.0 cm. One histogram is displayed vertically, and the other is rotated either 90 or 270 degrees from the original. The subject is then required to respond using keys designated as "same" or "different." Stimuli (P = 10, T = 25) were displayed for a maximum duration of 5000 ms and subjects were allowed up to 7000 ms to respond. The inter-stimulus interval for each stimulus presentation ranged from 750 to 1100 ms.
Procedural Reaction Time (PRO)
This subtest is a measure of choice reaction time, which incorporates matching to sample as well as encoding and response selection (Sternberg, 1969b) . The subject is required to differentiate between two sets of numbers and correctly identify each through response selection. Stimuli (P = 17, T = 37) were presented up to 800 ms and subjects were allowed 900 ms to respond. The inter-stimulus interval varied from 750 to 1000 ms.
Each of the two test sessions required approximately 30 minutes; all individuals were informed of the results and thanked for their participation at conclusion of the second session.
RESULTS AND DISCUSSION
At commencement of the study there were eight individuals in each of the three groups. Subsequent to the first session, however, two people (one in GP2, and one in GP3) withdrew from the THI program. Thus complete data sets were obtained on 22 people (8, 7, and 7 in GPs 1, 2, and 3, respectively). Relevant demographic information on the three groups of participants is presented in Table 1 . No significant differences were observed among the groups on any of the demographic variables. Although they differed somewhat in gender composition, this would not seem to be a factor affecting performance on ANAM; since recently obtained data on a group of 197 non-injured people (83 females, 114 males) revealed no gender differences on any of the tasks (Reeves, Levinson, Betsinger, Winger, & Gestaldo, 1996) . Mean scores on the Stanford Sleepiness Scale were 2.78 and 2.63 for the first and second sessions, indicating a fairly high level of wakefulness (norm = 2.45).
Accuracy of Per$ormance
Means, standard deviations and significant impairments in accuracy are presented in Table  2 , for each group on each task during both sessions.
A significant impairment was defined as a group mean that was at least 3 standard error (SEM) units below that of the normative group (Levinson & Reeves, 1994) . GPl showed a significant impairment on only one task (ST4) during Session 1: by Session 2 their performance on all tasks was within normal limits. GPs 2 and 3 showed significant impairments on 3 tasks (ST2, ST4, RUM) and 4 tasks (ST2, ST4, MTH, RUM), during Session 1, respectively; nonetheless, by Session 2 their performances were also within normal limits, the only exception being GP3 on RUM. These data would appear to indicate that by Session 2 all groups had, for the most part, returned to normal levels of performance. Table 3 presents the results of a 3 X 2 mixed multivariate analysis of variance (MANOVA) followed by univariate analyses of variance (ANOVA) on accuracy scores. Even though the MANOVA revealed no significant difference among groups on the composite dependent variable (camp DV), univariate ANOVAs did reveal significance for two tasks: on MTH and RUM, GPs 1 and 2 were superior to GP3. The MANOVA indicated highly significant improvement across sessions for the combined groups on the composite DV, and univariate tests revealed that these improvements occurred on ST2, ST4, MTH and RUM. No significant interactions were observed. Table 4 presents the results of multivariate and univariate ANOVAs assessing the significance of improved performance for each group on the composite DV and on each task. All groups showed significant improvement on the composite DV. GPl showed significant gains on ST4 and RUM, while GPs 2 and 3 showed significant gains on ST2, ST4 and MTH.
The utility of accuracy of performance as a means of classifying individuals into the three groups was evaluated via MANOVAs, ANOVAs and discriminant function analyses based on the composite DV, these were performed on the scores from Session 1 and Session 2, and on the difference scores between the two. The results of these analyses are presented in Table 5 . Overall, there were no significant differences on the composite DV, and the corresponding percentages of correct classification were not clinically useful. For both Sessions 1 and 2, Gps 1 and 2 were significantly more accurate on MTH than GP3 (although not significantly different from each other). On RUM during Session 2, GPl was superior to GP2, which in turn was superior to GP3. Although these intergroup differences were not statistically significant (ps < .15), scores on RUM during Session 2 appear to have the most potential as a significant discriminator among the 3 groups, with regard to accuracy of performance (means = 93.44, 82.32, and 73.61, respectively). In concert with the findings of Lewandowski et al. (1994) , accuracy showed a fair degree of utility. That is, accuracy demonstrated value as a method of identifying impaired performance, as seen in the initial test session (see Table 2 ). However, a different and potentially misleading picture emerged from the second session, as virtually all group means were within normal limits. This pattern of results could be interpreted at face value as indicating that these individuals may have recovered from their injuries. Although alternative explanations such as changes due to practice effects must also be considered, recent findings obtained by Reeves et al. (1996) and by Levinson, Reeves, and Fanington (1996) on groups of non-injured individuals revealed the absence of practice effects on accuracy of performance on ANAM V1.0 tasks when sessions were spaced l-3 months apart. As seen in Tables 3 and 4 , significant improvements were noted for all groups on several of the measures, including the composite DV. Although accuracy is restricted by ceiling effects, it is nonetheless sensitive to progress made by people recovering from moderate levels of TBI . . . perhaps because their initial test scores are low enough to permit room for improvement. As a means of classification of individuals into groups based on severity of TBI, however, accuracy by itself appears to possess limited utility.
Variability in accuracy of performance was assessed via a 3 x 2 ANOVA on variances for the three groups during the two sessions. A significant difference between the groups was revealed, F(2, 15) = 5.04, p < .05. Although GPI exhibited noticeably less variability than GP2 overall, as well as in both sessions, the differences were not significant. However, GPl exhibited significantly less variability than did GP3 overall, F( 1, 15) = 9.87, p < .Ol, and for both sessions, Fs (1, 15) = 4.70 and 7.34, ps < .05. Further, GP2 showed significantly less variability than GP3 during Session 2, F (1, 15) = 4.91, p -=c .05. Across sessions, the combined groups showed a significant decline in variability, F(l, 15) = 4.79, p < .05. These findings concur with those of investigators who have reported differences in variability of responding as a function of severity of TBI, and of repeated measures (Bleiberg et al., 1992; Bleiberg et al., 1993) .
EfJiciency of Pe$ormance
Means, standard deviations and significant impairments in efficiency of performance are presented in Table 6 , for each group on each task during both sessions. Again, a significant impairment was defined as a mean which was at least 3 SEM units below that of the normative group.
GPl showed significant impairments on three tasks (ST2, ST4 and RUM) during Session 1, and on only one task (SPA) during Session 2; performance on the other tasks was within normal limits. In contrast, GPs 2 and 3 showed significant impairments on all tasks during Session 1, and although their performances improved during Session 2 they nonetheless continued to show significant impairments on all tasks. The efficiency scores indicate that GPl was within normal levels of performance by Session 2 on all tasks except spatial processing. This finding is of interest in light of the fact that their Session 1 scores were *l-Tailed. These are considered noteworthy because of the small Ns in these groups, and because the changes were in the direction of improvement.
within normal limits on this task. They simply did not improve, and therefore their Session 2 scores were below normative levels. The accuracy scores for GPl indicate normal levels of performance on all six tasks and thus are, for the most part, in concert with the efficiency data. However, for GPs 2 and 3 a major discrepancy exists between the implications of accuracy scores and efficiency scores for Session 2. The accuracy scores indicate that these 2 groups had returned to fairly normal levels of performance, while the efficiency scores indicate that they remained significantly below normal. Table 7 presents the results of a 3 X 2 mixed MANOVA followed by univariate ANOVAs on efficiency scores. Significant differences among the groups appeared on the composite DV, and on MTH, RUM and PRO. On MTH, GPs 1 and 2 were superior to GP3, while on RUM and PRO, GPl was superior to GPs 2 and 3. The MANOVA revealed highly significant improvement across sessions for the combined groups on the composite DV, further, the univariate tests indicated that these improvements occurred on all tasks. In addition, the MANOVA revealed a significant Group X Session interaction on the composite DV. Univariate tests showed that significant interactions occurred on ST4 and RUM; these are graphically illustrated in Figures 1 and 2 .
As seen in Figure 1 , greater improvements on ST4 were made by GPs 1 and 3 than by GP2. Figure 2 shows that GPl exhibited greater improvement in performance on RUM than did GPs 2 and 3. Table 8 presents the results of MANOVAs and univariate ANOVAs assessing the significance of improved performance for each group on the composite DV and on each task. All groups showed significant improvement on the composite DV. GPl significantly improved on five tasks (all but SPA), as did GP2 (with the exception of RUM). GP3 showed significant improvements on 3 tasks (ST2, ST4, and SPA). These improvements would appear to be indicatative of recovery from TBI rather than simply reflecting practice effects, since the test sessions were spaced 2-3 months apart. Further, the recent findings obtained by Reeves et al. (1996) and by Levinson et al. (1996) on groups of non-injured individuals also indicate the absense of practice effects on efficiency of performance on ANAM Vl .O tasks when sessions are spaced l-3 months apart.
The utility of efficiency of performance as a means of classifying individuals into the three groups was evaluated via MANOVAs, ANOVAs, and discriminant function analyses based on the composite DV; these were performed on the scores from Session 1 and Session 2, and on the difference scores between the two. The results of these analyses are presented in Table  9 . Unlike those for accuracy, these analyses revealed significant differences between the groups on a wide variety of the measures, including the composite DVs. More of these differences appeared during Session 2, but the highest percentage of correct classification of cases-91%-was obtained from the scores during Session 1. Since the analyses of scores during Session 2 revealed significance on almost all the measures, a discriminant function analysis was performed in which GPs 2 and 3 were combined into one group and compared to GPl. This analysis resulted in 100% correct classification of the cases.
Variability in efficiency of performance was also assessed via a 3 X 2 ANOVA on variances of the three groups during the two sessions. Unlike accuracy, no significant differences were revealed among the groups. However, this is not surprising since there was much greater range in variances (those for accuracy would of necessity be somewhat limited). Nonetheless, GPl showed the least variability, followed by GPs 2 and 3 in that order. Overall the groups showed a significant decrease in variability across sessions, F(1, 15) = 11.49, p < .Ol. This was significant for GPl, F(1, 15) = 6.15, p -=c .05, followed by noteworthy decreases for GPs 2 and 3 (ps = .09 and .13, respectively. These data are also in accord with those of Bleiberg et al. (1992 Bleiberg et al. ( , 1993 ; coupled with the findings for variability in accuracy, they indicate that fluctuations in performance decrease across repeated measures. In the case of these groups of individuals, however, the decreases in variability may be more a reflection of recovery from TBI than of simple practice effects, for reasons stated earlier.
The results of the analyses of efficiency of performance indicate that it possesses much utility both as a measure of assessing severity of trauma to the brain and as a method of tracking progress of recovery from TBI (also in agreement with the findings of Lewandowski et al., 1994; and Bleiberg et al., 1992) . Since efficiency is based partially on accuracy (Thome, 1990) , the apparent discrepancies between the two measures in terms of implica- tions are of great import. One possible explanation may stem from the other factor upon which efficiency is based: response speed. This might be greatly influenced by brainstem injuries typically observed in patients with moderate to severe TBIs (Bleiberg, Cope, & Spector, 1989) . Injury to the brainstem may compromise the integrity of the reticular formation and/or the cerebellum. Since GPs 2 and 3 showed global impairments in efficiency, one has to consider an underlying factor affecting performance on all tasks. Slowing of response speed would account for such global impairment. Even lacking a blow to the head, which occurs in most TBI cases, a person could nonetheless sustain a brainstem injury which would impair efficiency, but not accuracy of performance. This is exactly what occurred in one of the individuals in the Coastline THI program. She was a 3%year-old who had suffered a whiplash in an automobile accident, resulting in injury of the brainstem only. Her accuracy scores on .both sessions were within normal limits; however, her efficiency scores were significantly impaired on all tasks during Session 1. At that time, she stated that "it was taking a lot of time" to accomplish routine activities. By the second session, her efficiency scores had improved to normal limits on 4 of the 6 tasks, and her accuracy scores had also improved slightly. She reported that she was able to perform routine activities in a much more normal amount of time. The possibility that response speed per se, and not necessarily cognitive ability, is the primary factor influencing the global impairment in efficiency observed in GPs 2 and 3 could be addressed by obtaining a measure of response speed (e.g., simple reaction time) and entering it into the analyses of efficiency as a covariate in analyses of covariance. The resulting measures of efficiency would be adjusted for individual differences in response speed and thereby might yield a "purer" measure of higher cognitive function. ANAM V3.11 (Reeves, Kane, & Winter, 1995) includes a measure of simple reaction time; it is suggested that in further studies this be obtained on each individual and entered into analyses of efficiency as a covariate. The use of MANOVA in analyzing the results of performance assessments using ANAM appears to have value in that it provides analyses on a composite dependent variable based on the combined subtests. The composite DV created by MANOVA uses a linear combination of the DVs which maximizes differences among levels of IVs; in addition it is used in subsequent discriminant function analyses (Tabachnick & Fidell, 1989) . In many studies MANOVAs are performed simply to control for Type I error; however, the composite DV has little or no inherent interest. In the case of ANAM, the composite DV may possess utility as a general indicator of brain function, at least with regard to groups of individuals. Differences in levels of brain function in general were observed in the present study, as reflected by differences on the composite DV, for both accuracy and efficiency of performance.
